Introduction
Haemophilus influenzae is a comnmon respiratory pathogen which is the most frequent infecting agents in both the acute and chronic forms of bronchitis (May, 1968) .1 It is also an important pathogen in other parts of the upper respiratory tract, in meningitis (Mathies et al., 1966) , and in osteomyelitis (Taylor and Fallon, 1966) . Less commonly it may cause bacterial endocarditis. Because of its demanding growth requirements antibiotic sensitivity tests with this organisim are more difficult to perform than with staphylococci or Gramnegative bacilli. For thi-s reason there have been some areas where differing results have been found-for example, with lincomycin. (Zinnemann and Frazer, 1970; Phillips, et al., 1970) . Several new antibiotics produced in the past few years have been recommended for chronic bronchitis, often with only spa-rse information on their activity against H. influenzae.
This survey of sensitivity of current strains of H. influenzae was undertaken to discover the incidence of strains resistant to agents such as ampicillin and tetracycline, which have Dudley Road Hospital, Birmingham Y18 7QH J. D. WILLIAMS, M.D., M.R.C.PATH., Consultant Microbiologist J. ANDREWS, F.I.M.L.T., Chief Technician, Chemotherapy been used for many years in chronic bronchitis, to examine the areas of discrepancy in reported sensitivity findings, and to test the sensitivity of this organism to several recently introduced antibiotics. Methods A total of 68 strains of H. influenzae isolated from respiratory tract infections were studied. Identity of the strains was confirmed by cultural characteristics, morphology, Gram stains, and growth requirements. The sensitivity of the organisms was determined by incorporating dilutions of antibiotic into Levinthal agar. A phage multiple inoculator was used to inoculate the plates, the final number of organisms added in each inoculum being 1,000. The minimum inhibitory concentrations (M.I.C.s) were read after overnight incubation.
The antibiotics tested were chloramphenicol, ampicillin, amoxycillin, tetracycline, five cephalosporins, two erythromycins, lincomycin, clindamycin, rifamide, trimethoprim, and sulphamethoxazole.
When the sensitivity of the strains had been determined the blood levels attained after a standard dosage of the antibiotics were drawn on the same graph. The blood levels given are those generally accepted (Garrod and O'Grady, 1972; Kucers, 1972) . Our own data are used for the amoxycilin and cephalosporin curves.
Results
The M.I.C.s of the 16 compounds tested are shown in the table. The compounds were divided into four groups. Group 1. Standard Agents and Amoxycillin.-This group includes three agents that have been used against H. influenzae for several years-chloramphenicol, tetracycline, and ampicillin-together with amoxycillin, a new analogue of ampicillin. All strains tested were inhibited by 1 jig chloramphenicol per ml and all but six by 0-5 ,ug/ml. The M.I.C.s of chloramphenicol for all strains were below normally attainable blood levels after a standard dose. With tetracycline 61 strains (90%) were sensiltive to 0 5 ,ug/ml; seven strains (10%) were not inhibited by 4 ,g tetracycline per ml and were considered resistant. Ampicillin was highly active against H. influenzae, almost all strains being inhibited by 0-12 ,ug/ml, with a few strains inhibited by 0 25 ,ug/ml. These concentrations were well within peak blood levels of ampicillin. Amoxycillin was found to be always slightly less active than ampicillin, almost all strains being inhibited by 0-25 ,ug/ml and three strains requiring 0 5 ,ug/ml. The M.I.C.s were, however, well within the peak blood levels attained from standard doses of amoxycillin ( fig fig. 2 . M.I.C.s of cephalexin for H. influenzae ranged from 1 to 16 itg/ml, with most strains inhibited by 8,ug/ml, but peak blood levels of cephalexin after an oral dose barely exceed 8 ,ug/ml. Cephalothin inhibited almost all strains at a concentration of 1 ,ug/ml, with some strains sensitive to 0-12 ug/ml. Peak blood levels of cephalothin greatly exceeded the M.I.C.s. H. influenzae was more resistant to cephaloridine than to cephalothin, the M.I.C.s ranging from 1 to 16 ,ug/ml; peak blood levels after 500 mg cephaloridine given parenterally exceeded the M.I.C.s. Cephamandole was the most active cephalosporin, with almost all strains of H. influenzae being inhibited by 0 5 ,ug/ml-a figure well within blood level curves obtained with this compound.
The last cephalosporin, cephacetrile, inhibited most strains of H. influenzae at 4 ,ug/ml, but some strains were resistant to 16 ,ug/ml. Peak blood levels after a standard dose again exceeded the M.I.C.s.
Group 3. Macrolides and Related Antibiotics.-These antibiotics were grouped together because of some similarities in their general antibacterial spectrum. The group contained erythromycin base and erythromycin estolate, lincomycin and its 7-chloro derivative clindamycin, and one of the rifamycin antibiotics, rifamide. Erythromycin base was highly active, all strains of H. influenzae being inhibited by 0-5 ug/ml. The blood levels reached by erythromycin were not high, however, and some strains were not included by the blood level curve. Erythromycin estolate sensitivity was practically identical with erythromycin, and most strains of H. influenzae would be sensitive to the levels attainable in the blood if enough estolate 025 ,ug/ml. In a combination of 20 parts sulphamethoxazole to one part trimethoprim an eight-to-tenfold increase in sensitivity was seen, all strains of H. influenzae being inhibited by 0 25 ,ug/ml. A combination of 20 parts trimethoprim to one part sulphamethoxazole, however, was not quite as active, and the M.I.C.s ranged from 0 03 to 2 ug/ml. (fig. 4) . Chloramphenicol is recognized as being effective against H. influenzae infections and all strains were sensitive to it. The blood levels of chloramphenicol vary widely (Prescott and Nimmo, 1971 ) but most preparations give blood levels which exceed the M.I.C.s found by us. Many resistant strains to tetracycline have now appeared, and in Birmingham these account for 12% of isolates. Ampicillin has not changed in its activity against H. influenzae, our results being identical with those of Stewart et al. (1961) and Rplinson and Stevens (1961) .
A comparison of ampicillin and tetracycline in the treatment of acute bronchitis (Malone et al., 1968; Ayliffe and Pride, 1962) failed to show any advantage of one over the other, but a similar study might now be influenced by the presence of tetracycline-resistant strains. Amoxycillin is almost as active as BRITISH MEDICAL JOURNAL 26 JANUARY 1974 ampicillin against haemophilus and the pharmacological advantages of this compound both in its absorption (Kosmidis et al., 1972; Sutherland, et al., 1972) and in its sputum penetration (May and Ingold, 1972) (Howard, 1967; Walker et al., 1970) . The reported M.I.C.s of cephalexin for H. influenzae also vary widely from those of Griffith and Black (1970) (fig. 3) . the estolate of erythromycin is better absorbed than the base (Griffith and Black, 1964; Bell, 1971) (Reeves, 1971) . With the synergistic effect of sulphonamides added to trimethoprim the organisms were about 10 times more sensitive, and clinically, excellent results have been recorded with co-trimoxazole (Hughes, 1969; Pines, 1969 
